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OUf knowledge of muscle proprioception
and its role in motor and postural activity
has improved over the years as we have
become more certain of the functions of
the muscle and nerve elements involved.
The correlation of function and anatomical
structure is the essential task of physiology,
particularly in such complexly organized
systems as the neuromuscular and central
nervous mechanisms concerned with posture
and its maintenance"
Neuromuscular relationships illustrate
the fundamental physiological properties of
excitation, conduction, and response" In a
reflex these properties appear as the
sequence-
a. Excitation of a receptor by an
external stimulus.
b. Conduction of the resultant physio-
logical disturbance to the effector
organ.
c. The response by the effector.
Examples of reflexes from various levels
in the evolutionary scale show how the
nervous system becomes incorporated into
the basic sequence receptor-conductor-
effector response as the degree of com-
plexity of the organism increases" A primi-
tive, simple, reflex is found in the feeding
tentacle of the anemone. The tentacle wraps
around any prey which touches it. Here a
receptor cell itself conducts the stimulus to
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the effector. The anemone also has a
"closing reflex" in which a network of
nerve cells, interposed between receptor and
effector, serve to coordinate the protective
response of closure.
Diffusion and coordination of reflex
responses become more important in
animals which are less primitive. The
simultaneous influences playing on the
nerve cells interposed between the receptor
and effector become more numerous. The
central nervous system consequently is
more cOlnplex, and the skeletal and mus-
cular systems are correspondingly organized
for greater refinement of controlled move-
ment. In the mammal this refinement
reaches its greatest in man.
Two broad classes of reflexes appear
along with the development just mentioned:
a. Those concerned with protective
movement (flexor withdrawal froin
injury) .
b. Those concerned with posture.
The flexor sequence is stimulus ~ recep-
tor ~ central nervous system ~ muscle
change. Of the postural reflexes the pro-
prioceptive are most fundamental. Here
the sequence is muscle change ~ recep-
tor --? central nervous system ~ muscle
change. These reflexes are termed proprio-
ceptive (L. proprius, self, peculiar to),
because the receptor and effector are closely
associated in the same muscle6 Receptors
in the muscle give rise to a reaction, which
is conveyed back to the muscle of origin by
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the nervous connections in a reflex arc
through the spinal cord.
What does the proprioceptive reflex do?
In a typical experiment, the quadriceps
muscle of a suitable preparation was
stretched a few millimetres. A contraction
amounting to some three kilograms
developed. After severing the reflex arc
connecting the muscle with the spinal cord,
this same stimulus produced a passive
tension of one kilogram. Stretch of the
muscle by pulling on the tendon resulted in
a reflex contraction capable of supporting
two kilograms. Because the stimulus is
stretch, the reflex is termed variously
proprioceptive, stretch, myotatic.
Physiologically this reflex response to
stretch of a muscle is an example of the
simplest reflex arc. The afferent nerve
carries impulses generated by the stretch
receptor. This afferent nerve comes into
direct contact with the anterior horn cells
supplying motor units of the stretched
muscle. Because there is only one such
contact or synapse between the afferent and
efferent nerve fibres this is termed a mono-
synaptic reflex. (Gk. Syn, together.) The
reflex opposes stretching of the muscle,
particularly in antigravity muscles, and
hence its importance in posture.
Histological examination of a muscle
shows a variety of receptor endings lying in
the muscle and in the musculotendinous
junction. It is not immediately obvious
which one of these is responsible for the
str~tch reflex. The most complicated
looking receptors are found in the muscle
tissue itself. These are long thin structures,
thickened into a spindle shape in the middle.
which lie alongside muscle fibres. The
spindle is enclosed by a connective tissue
capsule and contains a number of
specialized muscle fibres, intrafusal fibres
(L.. fusus, spindle, carrot shape), which are
supplied by fine motor nerve fibres. The
sensorynerve terminates as a spiral wrapped
around these special intrafusal muscle
fibres. In addition there are some "flower-
spray" endings lying on the intrafusal
fibres.
The receptors in the musculotendinous
junction are of several kinds. The most
common is a branched tree-like nerve
ending on the surface of the junction.
Mechanically the spindle receptors and
the tendon receptors differ. The tendon
receptors lie in series with the muscle and
are stimulated by any force developed in
the muscle either passively by joint move-
ment and muscle stretch, or by active con~
traction of the muscle against a resistance.
The spindle receptors by contrast lie in
parallel with the muscle and so are stimu-
lated by passive stretch or any elongation
of the muscle but should not be active if
the muscle contracts ..
This description still does not tell which
receptor type in the muscle is responsible
for the stretch reflex. However, by record-
ing nerve impulses in the afferent nerve
during stretch and contraction of the
muscle, we learn something of this.
During stretch and contraction some
receptors discharge impulses along the
afferent nerves continuously. The frequency
of discharge rises with greater tension on
the muscle. This behaviour suggests a
receptor in series: the tendon organ.
Some receptors discharge during passive
stretch of the muscle but stop discharging
when the muscle is made to contract by a
weak shock to the motor nerve. These
receptors discharge with a higher frequency
when a stronger shock is applied to the
motor nerve during stretch. Cessation of
discharge during contraction suggests the
behaviour of a spindle receptor in parallel
with the muscle, tension on the receptor
being relieved by the muscle contraction.
Nothing in the structure of the spindle sug-
gested, however, that it would fire more
rapidly if a strong shock were applied to
the motor nerve.
The motor nerve is made up of a large
collection of big fibres and a lesser group
of small fibres. The small fibres can be
traced to the intrafusal muscle fibres of the
stretch receptor. The big fibres go to the
muscle motor units. It can be shown that
strong shocks stimulate both big and small
motor nerve fibres. Weak shocks stimulate
only the big fibres.
Let us return now to the behaviour of
the spindle stretch receptor during motor
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nerve stimulation, when the receptor is dis-
charging in response to stretch. Big motor
fibre stimulation stops the discharge, for the
stretch is taken off the spindle as the muscle
fibres contract. When both big and small
motor fibres are stimulated, not only do the
motor units of the muscle contract, but the
intrafusal muscle fibres also contract; so
the spindle Htakes up the tension". When
both spindle and motor units contract, then
the receptor continues to be influenced by
tension in the muscle mass. More recently
it has been shown that isolated stimulation
of the small nerve fibres to the spindle can
modify the discharge rate of the receptor
in response to a given stretch. When the
spindle is "contracted" the discharge rate
rises. Incidentally, no contraction of the
muscle itself is detectable under these con-
ditions of isolated small fibre stimulation.
Evidently the spindle sensitivity to stretch
can be modified by influences derived from
the central nervous system. The intensity
of the proprioceptive afferent discharge is
controlled by the central nervous system.
So far the stretch reflex has been
considered as an isolated phenomenon.
Functionally there is a great interplay of
activity in synergistic and antagonistic
muscles which are integrated into move-
ments and static postural patterns. This
integration is brought about by the inter-
action of two influences at the anterior
horn cell level. These are inhibition and
excitation (called also facilitation, L. facilis,
easy) . The stretch reflex is a facilitatory
phenomenon. However, the afferent fibres
of the stretch reflex branch on entering the
spinal cord. They make synaptic contact
not only in a facilitatory fashion with the
motor cells of their own muscle of origin,
but also disynaptic inhibitory contact with
the motor cells of their antagonists. The
flexor response to noxious skin stimu-
lation also has a large inhibitory component.
In flexor reflexes the extensors are actively
inhibited during the flexor activity. This
contraction of one muscle group accom-
panied by relaxation in its antagonists is
termed reciprocal inhibition.
Other inhibitory influences descend from
the brain itself, together with facilitatory
influences, and modify the reactivity of the
anterior horn cells to stretch and other
afferent influences. Actually these influences
converge on the intermediate grey region
of the spinal cord, between the anterior
and posterior horns, and thence relay to the
anterior horn cells. A picture is thus built
up of balanced coordinated muscle activity
in movement and posture due to the
balanced interplay of facilitatory and
inhibitory influences on the anterior horn
cells.
The facilitatory influences are derived
from the motor systems; the inhibitory
influences are derived from systems which
have developed alongside the motor sys-
tems. Facilitation reaches the anterior horn
cells from the pyramidal (voluntary motor
system) from the striatal and reticular parts
of the brain (old motor systems), and from
the vestibular system (balance mechanism).
Inhibition, too, is derived from striatal and
reticular parts of the brain and indirectly
from the vestibular system. Flaccid
paralysis results from inadequate facilita-
tion; spastic paralysis results from inade-
quate inhibition.
In addition to these influences there
are reflexes concerned with coordination
between the limbs:
a. Crossed extension; noxious stimula-
tion causes flexion on the side of
stimulation and compensatory exten-
sion on the opposite side. Also
reciprocal movements in fore and
hind limbs, as in swinging the arms
when walking.
b. Neck reflexes; (best seen in decere-
brate states), extension occurs in
limbs on the side to which the head
is turned, and flexion occurs on the
opposite side. Bending the head up
extends the forelimbs and relaxes
the hindlimbs; (a cat watches a
bird) . Bending the head down
relaxes the forelimbs and extends
the hindlimbs, (a cat drinks from a
saucer).
c. Labyrinthine reflexes derived from
the vestibular mechanism. These
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reinforce the neck reflexes acting in
the same way, but with the position
of the head in space as the stimulus.
d. Visual reflexes; these act by virtue
of perception of body and head
position in space. They influence the
limb and trunk muscles probably
secondarily by way of the neck
reflexes.
It is important to realize that all these
influences on the anterior horn cells, con-
cerned as they are with various physio-
logical activities, do not function correctly
without the proprioceptive reflexes. Part
of this has to do with the afferent informa-
tion on muscle tension being sent to the
cortex and cerebellum, but the tonus of the
muscles primarily depends on stretch
reflexes.
Inhibition and facilitation have a number
of properties which should be remembered
if therapeutic measures are envisaged,
which have as their basis the proprioceptive
reflex and factors acting on it:
I" Reinforcement; simultaneously applied
inhibitory or facilitatory influences at the
anterior horn cell added together" The
classical example of this is seen with the
familiar stretch reflex of the knee jerk,
where a tendon tap elicits a greater contrac-
tion if the hands are clasped and pulled hard
one against the other.
2. Fatigue; the process of facilitation
and inhibition are capable of being
exl:austed if applied too often and too
much. Probably this is more a laboratory
artefact, but the possibility is there if
faradic stimulation is being used.
3. After-discharge; the reflex after being
brought into activity for a prolonged period
may continue to act for a brief period after
the stimulus has been removed. There is
some physicochemical change at the synapse
which persists.. This is also apparent in
situations which show that use of a reflex
makes it easier to elicit. This is sometimes
called a lowered synaptic resistance. The
phenomenon is readily demonstrated by
taking a knee jerk after vigorous running.
The jerk becomes prolonged and tends to
be clonic, which is a sure sign of persistent
facilitation.
4. Rebound; when an antagonistic pair
of muscles are brought into reciprocal
activity, the reflex "reverses" as it
ceases. The muscle which contracted, with
inhibition of the antagonist, relaxes as the
stimulus ceases and the antagonist con-
tracts to reverse the original pattern..
5. Irradiation; great activity in some
motor units causes a spread of the
excitability into other units of the muscles
or even into synergistic muscles. The
activity irradiates in the spinal cord to
involve a larger pool of anterior horn cells.
6. Successive induction; this is analogous
to rebound in that activity of the agonistic
muscle induces greater excitability of the
anterior horn cells of the antagonist when
the agonist ceases to contract.
7. Recruitment; the motor units are
brought into activity successively rather
than simultaneously during the reflex. The
tension thus develops slowly and relaxes
slowly. This applies also to inhibition
which may build up to a maximum while
the afferent influence is maintained.
Possibilities of Applying These Principles
in Physiotherapy.
Rehabilitation after a cerebral accident
resulting in paralysis or spasticity could be
aided by applying principles derived froln
the known properties of proprioceptive
reflexes and the central nervous influences
on them.
Spasticity results from insufficient
inhibition at the anterior horn cell. This
occurs after a lesion damaging SOlne part
of the brain stem reticular inhibitory
system, most often at the level of the
internal capsule. Inadequate inhibition of
the anterior horn cells leaves them over
facilitated toward the proprioceptive
reflexes; this hyperactivity results in a sus-
tained extensor activity of the lower limb.
Not only the motor cells of the muscle are
over facilitated in this condition but also
the motor cells of the small muscle fibres
within the spindle organ. Consequently the
proprioceptor tends to be over active and
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delivers an abnormal amount of afferent
activity to the stretch reflex. This excessive
afferent activity also contributes to the
spasticity; the stretch reflex is both over
excitable and receiving too much proprio-
ceptive afferent activity.
The reeducation of inhibitory influences
on the affected anterior horn cells would
seem the logical approach to the relief of
the spastic condition. In general the central
nervous system adapts towards damage of
some part by using compensatory paths..
While this adaptation is occurring the situa-
tion could be aided by use of reflex
inhibition. It is known experimentally that
a pinch of the skin over the antagonist will
inhibit monosynaptic reflexes (stretch
reflexes) in flexor muscles, and that
extensor muscles are inhibited by pinching
the skin over most of the limb, but are
excited from skin over the muscle itself.
Electrical stirnulation of antagonistic
muscles causes inhibition of the anterior
horn cells of agonistic postural muscles.
This inhibition may be reinforced by appro-
priate limb and neck positions acting over
longer reflex paths. The spindle organ
efferents can be influenced by similar skin
and limb position reflexes.
Analogous methods can be evolved for
conditions with deficient excitation of the
anterior horn cells resulting in loss of
muscle power. Reflex reinforcement of
compensatory paths can be induced by limb
and neck movements, and by skin afferents ..
The use of a resistance, against which the
affected muscle acts, will increase the
proprioceptive discharge and induce irradia-
tion of motor activity into adjacent inactive
anterior horn cell groups. A greater number
of motor units can thus be activated. The
initiation of patterned responses with
synergists and antagonists acting in
coordination is the proper physiological
goal in flaccid paralysis.. The neuromuscular
system improves with usage and deteriorates
in disuse.
W~th due care there should be little
danger of damage due to over activity. The
tendon organ afferents are protective
(inducing an "inverse myotatic reflex"),
and cause a cessation of excessive muscle
activity.. The tendon organ afferents inhibit
the agonist muscles by a proprioceptive
reflex. In addition pain endings occur in
the muscle and signal excessive activity.
The muscles are thus provided with a fair
measure of protection against over activity;
in a muscle with inactive motor units it is
difficult to imagine that such a situation
would occur, since there is an enormous
reserve of muscle units, all of which would
have to be made active to produce damage.
Where other complicating factors are
present each case should be judged on the
clinical picture.
